Abstract-this paper proposed a comprehensive loss reduction evaluation method for regional distribution grids based on G 1 method and grey relational analysis (GRA). The method is good at avoiding the prominent disadvantages of analytic hierarchy process (AHP) by determining the weights of evaluation indices. Otherwise, the method of grey relational analysis was used for dimensionless processing. Therefore, the authors put forward an implementation scheme about the preferred area for loss reducing and the optimal index, which is proved to be practical, significant, and applicable.
I. INTRODUCTION
Line loss rate is the main economic and technical index of power network for planning, operating, and managing. Therefore, according to the need of the mechanism of power market operation, it is significant to reduce the line loss rate to a reasonable level. So the operation status of economic power grid as well as the economic benefits of power enterprises can be improved.
Among all the segments of power system, the distribution network is of significant importance for its complex network structure, serious line loss and poor reliability. Based on the above consideration, the distribution network has a large space in terms of efficiency. In order to improve the level of energy efficiency of the distribution network, it is necessary to expand the related theory. Therefore, energy efficiency index system needs to be established to evaluate the efficiency level of distribution network comprehensively. On this account, it is significant to obtain the actual conditions of distribution network and diagnose the weak line in energy efficiency, thus providing direction and suggestions for enhancing the efficiency level of distribution network.
Many domestic and foreign literature studies have involved the assessment method aiming at the reduction of distribution network loss. The model in [1] put forward a comprehensive renovation investment plan for regional distribution network based on grey connectedness weighting, which is about the combination of a variety of energy saving measures. Analytic hierarchy process is adopted in [2] to determine the weight of individual index. Based on the research about energy-saving index of distribution network, a energy efficiency index system of distribution network is established. The correlation between network loss factors and line loss rate is analyzed in [3] via the method of AHP-gray relational analysis. moreover, GM(1,N) model has been developed through strongly correlated loss factors, for the purpose of predicting ideal line loss rate and calculating respective and comprehensive loss reduction potential. In the process of determining index weight by AHP method, a matrix needs to be constructed. And then conduct the consistency check. However, the matrix constructed is often hard to meet the requirement of consistency. So the judgment matrix usually needs to modify. The G1-GRA method is adopted in [4] to evaluate the comprehensive performance of coal-fired power plant. And the scheme is of practical significance in the comprehensive evaluation of distribution network.
Comprehensive evaluation method of loss reduction scheme concentrates on two aspects. On the one hand, the index consistent dimensionless method needs to be too proposed. On the other hand, the index weight needs to determine. Furthermore, the index characteristics of distribution network and the difference between the quantitative indicators and qualitative indicators are not considered in classical mathematics method of indicators dimensionless solutions. Subordinating degree function is attached to the fuzzy mathematics method. And it is often difficult to determine suitable function for the process of selecting the subordinating degree function is optional. Besides, in order to find out the subordinating degree function of each index, the index must be substituted into the corresponding subordinating degree function, which adding unnecessary errors. Grey relational analysis made improvement on the above mentioned method. On the process of partial treatment for single index data, the overall scheme is considered, which reduced the impact of incomplete information or asymmetry in the very great degree. In addition, the method of determining the weight generally includes the expert evaluation method, AHP method, G1 method, principal component analysis method and so on.
II. CONTENT AND STEPS OF G1 METHOD G1 method is a subjective weighting method, which is presented by professor Y.J.Guo of Northeastern University. This method to determine index weight makes improvements based on the analytic hierarchy process and avoids the shortcoming of AHP method effectively. In the process of determining index weight, there is no need to construct judgment matrix as well as check the consistency. Compared to the analytic hierarchy process, the computation of G1 method has significantly reduced [5] [6] [7] . Specific content is as follows:
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A. Determination of Order Relationship
Definition: if the important degree of evaluation index X i , relative to a certain evaluation criteria (or target), is greater than (or less than) X j , denoted by X i > X j .
Definition: if the indices of X 1 , X 2… X m , relative to a certain evaluation criteria (or target) has the relation X i >X j >…>X k, where i, j… k=1, 2... M, then the order relation is determined according to the token ">".
B. The Relative Importance of the Ratio Between x k -1 and x k
According to steps as follows to build the order relation for the evaluation index set {x 1 , x2,…,x m }. 3) Express the relatively important degree between the indices with the ratio between adjacent index important degrees of x k-1 and x k , denoted by r k . Namely, r k =ω k-1 * /ω k * . The value of r k is shown in Table 1 . 
rk
The degree of importance(compare xk-1 with xk)
1.0
Equal importance
1.1
Intermediate level
1.2
Moderate importance
1.3
1.4
Strong importance
1.5
1.6
Very strong
1.7
1.8
Extreme importance 4) Calculate the weight coefficient. If the rational assignment of r k is presented to meet the inequality: r k-1 >1/r k , then, ω m * can be expressed by:
where,  k * is the weight of the k'th index.
III. CONTENT AND STEPS OF GREY RELATIONAL ANALYSIS
Grey relational analysis (GRA) is a kind of multiple factors analysis method. Identify the superiority of proposed scheme through calculating the degree of association between the proposed scheme and ideal scheme [8, 9] . The higher the correlation, the closer for the proposed scheme to the ideal one. Moreover, the comprehensive performance is superior, and vice versa.
The solving steps of grey relational analysis are as follows: 1) According to the purpose of evaluation to determine evaluation index system and collect evaluation data. The formation of the following matrix based on the n datum sequence:
2) Determine the reference data columns
Reference data series is an ideal standard of comparison. The optimal value (or worst) of each index can be used to constitute the reference data column. It is also allowed to choose other reference value according to the evaluation purpose. Denoted by:
Method of initial value is used to quantified the criterions. Thereinto, the initial value equation of the index data, which has positive correlation relative to the reference factor X0 is:
For the negative correlation factors, using the convert method. Convert them into positive correlation factor at first. Then conduct the initial value transformation. Calculation equation is: Figure out the absolute difference between each appraisal object index sequence (the comparative sequence) and the reference sequence corresponding element. Get the difference sequence and find out the maximum as well as minimum value. 5) Determine the resolution coefficient ρ. resolution coefficientρcan be any value between zero to one. Its value will bring influence on determining the correlation value. 
Calculate the correlation coefficient. Each reference sequence and comparative sequence are calculated separately and figure out the corresponding element of correlation coefficient via Eq.8, Eq.9.
The specific expression is:
Calculate the correlation degree. the correlation degree between comparative sequence and reference sequence is reflected by M correlation coefficients. The equation is:
Determine the weighted arithmetic average according to the G1 method and get the correlation between them. 
IV. EMPIRICAL STUDY
In order to realize the optimization evaluation of line loss scheme, six factors are selected to be investigated, namely, feeder branch length, average load rate of distribution transformer, average load rate of feeder, insulation rate of feeder, cable rate of feeder and ring rate of feeder, denoted by X 1 ,X 2 , X 3 , X 4 , X 5 , X 6 respectively. Table 2 shows the static result of four regions in a given area in 2013. According to grey correlation analysis, feeder branch length and average load rate of feeder are reverse indices, the rest are positive indices. So the selected reference sequence is: Results after the initial treatment are as follows: Reference sequence 1.000 1.000 1.000 1.000 1.000 1.000
C. The Loss Reduction Region Optimization
Denote A*, B*, C*, D*as the absolute difference between the reference sequence and comparative sequence. Then, (max)=0.335, (min)=0, v=0.056, =v /max=0.167. It is known from Eq.8, Eq.9, ifΔmax>3Δv, then 0.1670.2505, take the median, then =0.21. Obtain the grey correlation degree via the G1-GRA method. It is can been seen that the network loss reduction condition of region A is the best of all and region B is the worst. So region B if preferred to implement the loss reduction scheme. 
Grey relational coefficient list:
D. The Loss Reduction Index Optimization
Through initialization operators, the original data can be transformed into dimensionless data. The shorter the length of feeder X 1 and the smaller the average load rate of feeder X 3 , the smaller the rate of the comprehensive line loss. So X 1 and X 3 are positive correlation factors, compared with X 0 . The rest of the indices are negative correlation factors. Therefore, after initialization and the reciprocal treatment, the results are shown as follows: The correlation of each index with the method of grey relational analysis only is: Obtain the grey correlation degree via the G1-GRA method. From the table, it can be seen that when implementing loss reduction scheme for region B, priority should be given to X1, X2 and X3. Taking measures to reduce the length of feeder, improve the average rate of distribution transformer and reduce the average load rate of the feeder. Thus realizing the purpose of power loss reduction and the network management optimization.
V. CONCLUSION
In this pater, the G1-GRA combination model is adopted to put forward a comprehensive loss evaluation scheme for regional distribution network. Through analyzing the statistic data of four region in a certain area, the optimal region to implement the loss reduction scheme is found out. What's more, this method figure out the first-rank indices from the selected six ones via G1-GRA. The combination evaluation model proved to be simple and operable. Moreover, the evaluation model avoids the problem of inconsistency of judgment matrix when using the AHP method. It helps the power supply enterprise master the operation efficiency of the distribution network and provide guidance for reformation and schematization of distribution network.
